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OFARAXIAL-ZTDWGASTURBIRE-PROPRLCJZRENGIIG

I -PERFOINARcRcEAR#LcTRRIBPIcS

By Martin J. Saari and Lewis E. Wallner

A preliminary investigation of an axial-flow gas turbine-
propeller engine has been ccolduoted in the Cleveland  altitude wind,
tunnel. Performance data were obtained for engine speed8 from
8000 to 13,000 rpm at altitude8  frcsn 5000 to 35,000 feet and
compreesor-inlet ram-pre88ure ratios from 1.00 to 1.17. In order
to conserve turbine life, the maximum e-us+gae temperature8 were
limited to value8 fram 50° to 100° F.below the normal continuoue
temperature rating. A tabulation of performance  data is presented
together with curves of performance  characteristics  and a brief
disouasion of the reeults. A ocxnplete deeoripticn of the instru-
mentation of the installation is given.

For a constant compressor-inlet  ram-preeeure ratio, the
peX?fOrxUance data obtained at different altitude8 and engine speeds
were generalized to standard sea-level condition8 with reasonable
accuracy. The specific fuel consumption at a given corrected
engine speed deoreaeed as the corrected shaft horeepower was
increased. At a oorrected  engine speed of 13,000 rpm, the apeoiflo
fuel consumption baaed on shaft hOrS8power decreased fram 1.41 at
a corrected  shaft horeepower of 700 to 0.86 at a corrected  shaft
horsepower of 1800. At eaoh altitude and engine speed an increase
in shaft horsepower of lob percent wa8 accnmpRnied  by au increase
in Jet thrust of about 10 percent. When the engine speed wae
changed from 10,000 to 13,000 rpm at a constsnt turbine-inlet
temperature, the Jet thrust Increased at a greater rate than the
shaft horsepower. At a turbine-inlet temperature of 2000° R,
this change in engine speed w&8 accompanied by an increase In Jet
thrust of about 115 percent and BP increaee in shaft horeepower
of 55 peroent. In order to obtain an optimum ratio of shaft
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horsepower  to the kinetio energy of the Jet at operating condition8
other than the design oondition, 8 varisble-area  tail-pipe nozzle is
required. An increase in ocmpreeeor-inlet  ram-pressure  ratio frcmt
1.00 to 1.13 did not appreciably af'fect the engine performance.

. IN!l?RODUC!T!ION

An invee4x&6tion  has been oonducted in.the Cleveland altitude
wind tunnel to determine  the altitude perfox%xsnoe  and operational
OharaCt8riStiOS  of an axial-flow gas turbine-propeller engine.
Detailed preeeure and temperature  mea8uremente were taken at eight
etatione in order to evaluate the over-811 and component performance
of the engine. Performance data were obtained at altitudes frown
5000 to 35,000 feet and wmpreeeor-inlet ram-pressure  ratios fram
1.00 to 1.17, oorreepondlng to alrepeeda  frcQl 0 to 317 miles per
hour. The engine was operated at speeds from 8000 to 13,000 rpm.
The tunnel tempersturee  and preeeur88 were maintained at approxi-
mately NACA standard altitu&e oondition8.

A tabulation of performan data is presented together with
per9ozmanoe &ar8cteristio ourves. The effect8 of engine speed,
altitude, and rerm-pressure ratio np engine performanoe  oharacter-
iStie are shown 8nd dieCU88ed. The data obtained at the several
8ltitud8e  have been generalized  and the method8 employed in obtainirg
generalized  performan ourvea twe presented.
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SYMBOLS

The fOlhWing eymbole are Ueed in this report:

OrOSS-80Ctional  &Sea, SQUaZW feet

Sp0oifio heat Of gas at CSoILStant pr888ure, Btu per pound
per ?F

jet thrust, pound8

fuel-air ratio

acoeleration due to gravity, feet per seoond per 80CoILd

,&halpy, Btu per pound

meohauical equivalent  of heat, foot-pounds  per Btu
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8hP

BhP

hp

T

Ti
t

v

w8

wf
Wg

engine speed, rpm

tot81 pTeSBuI'e, POLK& per 8@Ear0 fOOt 8bSOtit0

St&tic preSSuT0, pound8 per SQUeXe foot absolute

@38 OCXlSt8llt

shaftharsepowermea8ured attorquemeter

horsepower 1088 in high-speed reduotion gear

8hP + e;hP

total temperature, OR .

indicated temperature, OR

St8ti0 t~perEatLD?e, OR

velocity, feet per aeocx&

air flow, pounds per second

fuel flow, pounds per hour

g&S flow, POUUdS per Second

.

wf/8hp Specific fU81 0-ptia, pounds per Shaft hOrSepow0r-hour

Y r8tiO of SPeCifiO he&t8 for g88eS

8 * ratio Of co3lpr8HSOr-inl8t total pr088Ur8 t0 88tiC pr88-
SW0 Of NACA Standard 8tmoSph8r8 at 808 l0Vd

8 ratio of cmpressor-inlet absolute total temperature  to
8bSolUt8 etatic temp0r8ttE8  Of ma 8tmdard 8tmOSpher0
st sea level

SUbSCriptS:

0 tUUKl8l-t08t-SeCtiCXI  8ir StreEIm

1 wing-duct inlet

2 COBl~r~SSOl"  inlet

3 compressor  outlet
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5 turbine inlet

8 tail-pipe-nozzle  outlet

The data are ~e3?81iZed to NACA Standard sea-level Conditions
by the following parameters:

Fjb correoted jet thY.'LlSt,  pound8

N/$ corrected engine speed, rpm

(W&a)/8 oorrected air flow, pounds per eeoond

b+/(M) corrmted fuel flow, p0und8 per hour.
hp/(S@) correoted horsepower

Tg/@ cOITeCt8d turbine-inlet  tauqerature

ENMNE, lXSl'AUATION, AND INVTION

Th8 T31 gas turbine-propeller  engine investigated h&8 a 14-
Stage &X&&l-floW  Co91pIWSSOr, nine cylindrical cmbustion Cbamb8r8,
8 Stigl0-St8&e turbine, an eXhaU8t Cone, and a two-Sk%@ planetEPJ'
reduction  gear. A seotional drawing of the engine Showing th8
lOCation Of these Component8 i8 giV8n in fi@??8 1. 928 en&n8 ha8
a maximum OV0r-811 diEUU8t8r Of 37 inches and en Over-811 18&&h Of
116 inChe8 with 8 8tr8ight 8Xhau8t cone and without a propeller. A
tail pipe 96 inches in length and 14 inches in diameter was used in
this investigation. The dry weight of the engine, includtig  piping
and all aoC888Ori88, i8 appY?OXimately 1980 pounde.

The operating llmite of the engine for static sea-level condi-
tions as 08tabliSh8d  by the manufacturer are:
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Turbine speed, rpm:
~overspeed..................... 13,300
Normalrated ...................... 13,000
=w

E&XlElt-gaEl  L&&iK3ia; L&&G-ioL'o&iet); G ' l

. 10,000

BKlibryr&ting5lnimtes . . . . . . . . . . . . . . . . . 1265
Normal COntfIXlOUS rat'!! ................. 1l70
Starting and acceleration ................. 1600

Bearing teqer8ture0, ?F .................. 250
Vibration, in.:

At turbine frequency .................. 0.004
At propeller frequency ................. 0.025

Air enters the engine through 8 screened annular fnlet aur-
round- the aft geecr casing and p888e8 into the first #age of the
oompressor  through 8 set of Inlet guide vanea. The air travele
through the l&Stag0 CCXKpr888qr With a reSUlta& ilICr888e in pr08-
sure and temperature. Small quantities  of 8ir are bled through the
CompreSSOr Casing Fran the fifth and sixth StatOr Stag88 t0 cool the
turbine wheel and pressurize the canpresaor  b8laIIC8 piston chamber
8t the front Of th8 ccmpreeeor. Air is discharged frcm the mpr88sor
through two sets of guide vanes and turned 180° befOr entering the
combustion OhamberS.

Moat of the air flows directly into the combustion Chamber8
and 8 small part is directed through the hollow turbine-nozzle vanes
before entering the combustion  tcne. The combustion chambers are
the Counter-flow type and CoIXIiSt Of an Outer ah811 and 8 p0rfOr8ted
inner liner. A duplex fU8l no2210 IS looated ti th8 dome Of 88Ch
combustion chamber. Spark plug8 are Installed in two of th8 CcOnbUS-
tion chamber8 and IguitiOn in the Other Chamber8 18 8CC~pliSh0d
through CrOSS-fire  tubes. &uiok-disconnect Clamp8 cC%.In8Ct the
combustion Chamber8 t0 the main frame.

BodllOtS Of combuetim 108Ving the Combustion Chambers pa88
through tran8itiOIl  88CtiOLIS  to the annular turbine-nozzle wh8IW
the gases 83p0 8CCeler8t8d. A large part of the energy of the high-
V8lOCity gases 18 absorbed by the turbine t0 drive the prOp0118r
Shaft, the CCmQr088Or, the reduction gears, and aCO888Ori88. The
gases are discharged  from the tU??bin8 into an annular exh8ust con8
and through 8 tail pipe, where the remaining energy is utilized as
jet thrust.

The turbine Shaft p&8808 through the C~pr888Or rOtOr and iS
Supported by two journal-sleeve  bearings. A Splined sleeve coupling
connect8 th8 turbine Shaft with the reduction-gear assembly. The
reduction gear COIMiStS of two planetary gear ByStems in 8erie8,
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with 8 speed reduati~ ratio of 11.3513:l. The ring gear of the
high-speed  Stage 18 th8 floating type and it8 motion i8 restrained
by six hydraulio piston8 that provide a means of determining the
shaft torque. The propeller  aheft is connected to the low-Speed
planetary gear and 18 supported 8t the forward end by the main thZ'U8t
ball bearing. AcX+088Ori08 are driven from 8 ring gear attached to
the low-speed planetary oage.

Inst8l.l8tion

Th8 0I@.Ile W&S installed in 8 StZYI~iIl8 naoelle-wing cabina-
tion, which was supported in the wind-tunnel teat section by the tun-
II81 b81EK~C3e frame. The axial center line of the nacelle coincided
tith the chord line of the wing and with the longitudinal  center
line of t&e tu3mel te& section. (Seefigs. 2to4.) Ihetinghadan
EACA 65,2-014 sirfoil eeotion with 8 chord length of 15 feet. Maxi-
mum dfameter of the nacelle was 42.7 lmhee. When ocmpletely  faired,
the naaelle had a fkenese ratio of 6.86. The engine was supported
in the nacelle by two self-alining  ball and so&et mount8 lOC&ted on
eaoh aide of the forward gear ua8ing and by 8 tie bolt on the bottom
of the turbinemainframe.

The engine was equipped with 8 Eamilton-Standard  four-blade
super hydrosllatio propeller (hub deeign, 4260) that 18 12 feet, 7 inch88
In diameter. The propeller included 8 self-contained  governor
8aSembly and 8 blade-me indiOat'- meOheIli8m. Th8 OCXItrO~S were
modified to provide either manual or ocxMx&+speed operation  of the
propeller. The maximum rate of pitoh change as rated by the manu-
facturer 18 45O per eeoond. k OX'd0r t0 Set aCCUrat8ly the t8Elt
oonditlcgle, the propeller  was operated by means of the manu81 CC&r01
8nd reetrictions  were ineerted in the control oil paWage to reduce
the manual rate of pitch change. For this investigation  the low-
and high-blade  angle stop8 were set at 4O and 4606 re6peotively.
The minimum flight blade angle atop was set at 12 and the feather-
ing blade angle atop was set at 82O.

Air wa8 SUpplied t0 the engin8 from the tUIUI8l 8ir Stream
through two wing ducts with leading-edge inlets in the prOpell0r
ellpetream. The centers of the inlet were located aloug the wing
span at about 80 percent of the propeller radius. (See figs. 4 and
5.) The 8ir entering the wing dUCt8 was turned 90° with the aid Of
@lid8 -88. A -11 part of the air was diverted from 88Ch duct for
cooling the engine nacelle chamb8r. At the 8Il&I8, the wing ducts
were joined to form an annulus around the aft reduction-gear casing
(fig. 6). This aUUU1US 14738 attached to the Compr88eOr-inl8t  flange.
(See fig. 3.) Splitter pl8t88 were inserted vertically between the
two halve8 of the annulue to reduce rotational flow.

t-

I
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Premsure azwl. tamperatvre7ne88nremantewere  taken&eight
StiStiOII8  thIm@oUt me in8tallat~on. Detaile of the ilI&mmenk-
tioninstallstionate8chme8suringst8tionare  gtvenintheappendAx.

PRoczmRE

PerfOXTlELIlC0  Characteristic8 Of the engiIlSW=CI  Obtained&t
altitude8 fZ'oIII m to 33,ooo feet, ~SsOZT-iflet ram-preSsUre
YXLtiOS frOm 1.00 to 1.17, 8Tld 8 reLnge Of Sh8ft hmSepawer8 &t eD@IIe
8pf3edsfronr8ooo to13,ooorpm. Inordertolengthenthet~rbine
IAfe, the enginewasnotoperatedat nmximmpowerfor~ofthe
condition8pre8ented..

j8tthrustwaScalCulstted~preSsureandtemperature
?.MaSUr~tS &t the tail-pip04lQZZl0 Outlet. shaft hOrSepUU8r W8
deteminedframtorqUemter  pr8SSU?X lU8&euranrSnts. The shaft power
determinedfromthetorquemeterpreseurs1agreeLterthanthepropeller
shaftpowerbyan 8mounteqUa.l to the sumof the low-speed reduction
@83 1088 &Zld th8 pUWC3r reQuir0d t0 dI'iV8 th8 8CCe88Orie8. m0
value8 of 8haft horsepower presented in the uncorrected perfm8
datEiw~enSEWtIred&tth0  tOrg1e11&8??.  For the genetiizeddat8,
however, the power 1088 in the high-8peed reduction gem was added
to thetorqUemeterpower. Thus the corrected horsepower represents
the to-&L turbine power leas the power reqzired to drive the
COIQ??8SSOr.

PZ'08SL.U-08 WWF0 m88smedonwater  azldmer~ BBlIOYMterS&
were photogm@xh82ly recorded. - ~eratureSUerelII?3&EWL%dazld
2'0C~bg tW0 80lf-bdU3C~~Ot8llti~ter8.  -0 engine Speed
WE%8deteIT&l&W2thatEEhC4It&8ra;nathe eIdlau&-gaetemrperature
for settZnglimitingtesl;cm&itionswa~ indicatea  by two therm-
couples at station ?(fig. 1) that were connected in parallel to
atem~eratwe~ontheengInepant3L

Tamperaturee

The t&1-pi~-IlOZZ18  Outlet and Cnlrrpr888Or-ifl8t t4BQ8Z'&tur88
werecalc~~~omtheindicated~rsture,usinga~e~-
couple recovery factor of 0.85, and respective values of pre88ure,
temperature, asl ratio of specific heats.
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T= Tl p
(P y

)

r-1
Y

[ I
1+0.85 $ -1

0

!f!he tubins-inlettemperaturewae  &Ctitedfromthe  8nthalpy
drop thl'Otl&l the tW?biIl0 and th8 0llthalpy &t the t4S.i1-pi~-llott18
OUti8t.

The enehalpydrop through theturbineincluded  the povmrrequired
to drive the ccmqresaor, theshaftpowm mamredatthe torquemeter,
and the power loss in the high-speed  reduction gear:

H5 - [I“;,TJ5q+@3k)iF9

4

%T5 = -
OP,5

An fntegrsted  value of cp y&e used in thie equation. The gear
hor8epower used in calculating H$ repreeente the pcwer loee in
thehi&bSpeedredUotiageandW8Ei  88tbWtI3d bVaFyti50.hOrSe-
POW-8ratebnen&ine speed of13,ooorpaLto 25 horeepowerat8000rpon.

v81oCity

The tunnel v8hcity was determined frcm the foLkwIng relation:
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Thrust

llh0 jet thmret of the engineWE& c8lcul8tedfromthe  following
equation, which was derived in reference 1:

2Y
"3 y*-1

5: --s_.pgAg

AirFlow

En@;iIle 8ir flOW weL8 determtned f'Z?CDi l?Ie88IK?~ntS Of th8 COm-
Pressor inlet and at the tail-pipe-nozzle outlet. The 8ir flow pre-
sented in the tabulationdata  ad umdinthe perfo?mmc 8 c8lcul.8-
tiona Wa8 obtained f-ram aseaSurS5enta at th8 COQXWSeOr iIll8t because
of more comprehenelve inatmzmentation at that station. The air flow
at the compressor inlet was calculatea  fr0m the foll0uing relatian:

%,2 - 32 AZ ,& ($+ -IL
ii

Gas flOw at the tail-pipe-nozzle Outiet was obtained from the
fOnw Z'8&LtiOn:

wg = Ps 43J*8J&)” -1
The airflowwas thenfoundfrom

wa = wg - (uf/=w
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RESUL!IS AN0 DISCUSSION

Prelimfnary performance data are present8d in table I. In the
following sectiona, the effeclx of altitude, engine speed, and ram-
pressure ratio on engine performance  axe ,diSCuSeed; generalized
performance  data and the methods employed in obtaining generalized
perfOZ+manCe curv88 are presented.

On several occasions oil entered the compressor  air p81388ge.
Oil and dirt that adhered to the blades may have had some adverse
effect on the compressor performance.

tititUd8. - Perfomumce data obtai+f at aJt$tudes from S@CJ to
35,000 feet, an engine @e&l of 13,000 rpm, and a compressor-inlet
ram-pressure  ratio of 1.00 are shown in figurea 7 to 12. Th8 Cd-
culated turbine-inlet  temperature  (fig. 7) increased linearly with
shaft hOrt30poW8r at each altitude. Using the88 VtiU8S of turbine-
inlet temperature, constant tmrperature contours are plotted in
figures 8, 9, ll, and 12. From the data presented  in these figures,
the performance  of the engine at an engine speed of 13,000 r-pm and
a ram-pressure  ratio of 1.00 can b8 estitited for the range of
altitudes investigated for turbine-inlet  t8m&I8?Xltl.U'88  between
l?OO" and 2100° R.

At 8 given turbine-inlet  tap0r8t~0, the fuel flow d0Cr8888d
aa the altitude was increased (fig. 8). The data shown in figure 9
indicate that the lowest specific fuel coflsumption at each turbine-
inlet temperature  occurred at an altitude,of 8pproximately 20,000 feet.
The engine air flow remained constaut at each altitude as the ehaft
horsepower was changed. (See fig. 10.) At constant turbine-inlet

, temperatures above BOO0 R, the fuel-air ratio did not change
appreciably with changes in altitude (fig. 11). At each altitude
the jet thrust increased about 10 percent for an increase in shaft
hOr8epoWW of 100 percent (fig. 12).

E~@n8 speed. - The 8ff8Ct of 8ngiIB3 speed on engine performauc8
at an altitude of 5MKJ feet aud a ram-pressure  ratio of 1.00 is
ehowu in figurea 13 to 18. Cormtaut temperature  contours axe plotted
in figures 14, 15, 17, and 18, using the Cakulated values of turbine-
inlet temperature in figure 13. With these contoure superimposed  on
the data, the engine performance  canbe esttit8d for any engine
speed at au altitude of 5000 feet and 8 ram-preemre ratio of 1.00.

The calculated turbine-inlet  temperatures  shown in figure 13
increase linearly with abaft hOr88paT8r at each engine epeed. The
t8mIPer&tIXP8  liIBS for COI-Btant  8n@;iu8 Speed8 interSeCt  oWiIlg to the
change in the ratio of shaft horsepower to the kin8tic energy of the
jet a8 the engine speed is varied. The tail-pipe-nozzle  are8 for
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this type of engine is so selected that the ratio of shaft horse-
power to the kinetic energy of the jet gipes optimum economy at the
design operating conditions. In order to obtain an optimum ratio
of shaft horsepower to jet thrust power for operating conditions
other than the design coation, a variable-area tail-pipe nozzle
is therefore  required.

At each engine speed the fuel flow (fig. 141, the fuel-air
ratio (fig. 171, and the jet thrust (fig. 18) increase linearly
with shaft horsepower, whereas the air flow (fig. 16) remains con-
stantas the shafthorsepoweris  changed. Anincreasein shaft
horsepower  reduced the specific fuel consumption at each engine
speed (fig. 15). As the engine speed is raised at a constant turbine-
inlet temperature, the rate of change in fuel flow with shaft horse-
#power decreases as the turbine-inlet temperature is increased (fig. 14).
The significance  of this relation is shown in figure 15, in which the
specific fuel consumption at each engine speed decreases as the turbine-
inlet temperature  increases. Ataturbine-inlet temperature  of
2ooO" R, the specific fuel consumption was about 1.06 and wat8 not
noticeably changed by variations in engine speed. At a turbine-inlet
temperature  of 1700° R, however, the specific fuel consumption
increased  sharply from 1.52 at an engine speed of 10,000 rpm to 1.87
at 13,000 rpm.

An increase in engine speed at a constant turbine-inlet
temperature  reduced the fuel-air ratio at engine speeds up to
12,000 rpm (fig. 17). An increase in engine apeed from12,OOO ‘k
13,000 r-pm did not change the fuel-air ratio in a manner consistent
with the data obtained at lower speeds. The shaft horsepower,
however, does not represent the total. power'output of the er@ne
in that the kinetic energy of the jet is not Zncluded. As the
engine speed 'W&E increased from 10,000 to 13,000 rpm at a constant
turbine-inlet  temperature, the jet thrust increased at a much greater
rate than the shaft horsepower. (See fig. 18.) Because the change
in shaft horsepower is smell, the fuel-air ratios for engine speeds
of 13,OCU and 12,000 rpm are nearly the same (fig. 17).

Changing the engine speed from 10,000 to 13,000 rpm
increased  the jet thrust about 115 percent at each value of turbine-
inlet temperature. The same increase in engine speed, howsver,
resulted in an increase in shaft horsepower  of only 7 percent at
a turbine-inlet  temperature  of 1700' R and 55 percent at 2000° R
(fig. 18).

. Ram-Rressure ratio. T The effect on engine performance of
an increase in compressor-inlet  ram-pressure ratio from 1.00 to
1.13 at an altitude of 25,000 feet and an engine speed of
13,000 rph is shown in figures 19 ti 24. The small change in
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ram-pressure  ratio had no apparent effect on the relation between
shaft horsepower amI turbine-inlet  temperature (fig. 19). An increase
in ram-pressme ratio resulted in a slight decrease in fuel flow,
specific fuel consumption, and fuel-air mtio (figs. 20, 21, and 23,
respectively),  whereas the Jet thrust increased slightly (fig. 24).
The increase in ram-pressure ratio did not appreciably change the
air flow (fig. 22). Because of data matter, the fuel-air ratios
presented in figure 23 were obtained from faIred values of fuel flow
(fig. 20) and air flow (fig. 22).

Generalieedenglneperfomance.  - Thepresaureandtmrperature
factors 6 and 8 have been applied to the performance data to
determine  whether the engLne perfomance obtained at eeveral altl-
tudes couldbe generaLIeed. The gemralized pemforraance  parameters
used are corrected engine speed If/#, corrected fuel flow Wf/<6$>,
corrected air flow (Wa$)/S, corrected horsepwer  hp/(6@), and
corrected turbine-inlet  temperature T5/8. These parameters  were
developed from concepts of flow eimllari~ in reference  2.

Thepmformanc8 data obtained at several altitudes and engine
speeds at a constant compressor-inlet  ram-pressure ratio were gen-
eralized to a- sea-level conditions as shown in figures 25 tc
34. Representative generalized  data show%= the variation of corrected
f'uel flow with corrected horsepower are presented in figure 25 for
altitudes from 5000 to 35,000 feet, a cmrpressor-inlet  ram-pressure
ratio of 1.00, and corrected engine speeds from 8200 to 14,200 rpm.
SimIlardata shovlrlgthe variationof correctedttmbine-inlettmpera-
ture with corrected fuel flow for the same range of corrected enghe
speeds are given In figure 26. t&e generallted  datapresentedin
figures 25 a&l 26 were cross-plotted  in figure 27, which shows the
variation of corrected fuel flow with corrected  engine epeed for
selected constant values of corrected horsepcner rrnd corrected
turbine-inlet  temperature.

The relationbetween  corrected horsepowerand uorrected turbine-
inlet temperature is presented in figure 28 for eeveraL corrected
engine speeds. !L!hese values were cross-plotted in figure 29 to show
the variation of corrected horsepower with cmrected engine speed
for constant corrected turbine-inlet  tmperaturem. The reason for
the decrease in corrected  horsepower at the highervalues of cor-
rectedengine speedhasnotbeendetemined.  Acasibinationof  the
da-&% in figures 27 a& 29 gave two families of curves that show the
variation of specific fuel conmqtion with corrected  engine epeed
for constant correctedvalues of horsepou&and turbine-inlettempera-
ture (fig. 30). For a gTven engine speed, the specific fuel consump-
~ondecreasedasthehorsep~r~turb~-inlettampe~~increaeed .
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At a corrected engine speed of 13,000 rpm, the specific fuel con-
surqption based on shaft horsepower decreased ml.41 at a cor-
rected horsepower of 700 to 0.86 at 1800. At each constsnt cor-
rected turbine-inlet temperature, the best fuel economy was obtained
at a corrected en&ne speed of about 12,OC0 rgu. However, the
specific fuel consumption based on shaft horsepower does not repre-
sent the over& specific fuel consumption because the jet thrust
has notbeenincluded.

The variation of corrected  jet thrust with corrected  horse-
power and corrected  turbine-islettemgerature  forarange of cor-
rected engine speeds is shown in figures 31 and 32, respectively.
These data are cross-plotted in figure 33 to show the relation
between corrected jet thrust md corrected  engine speed for con-
stant corrected  values of horeepower ~IXI turbine-inlet temperature.
The jet thrust increased  as the en&me speed and the horsepower
were increased.

Corrected engine air flows obtained from measurements at the
compressor islet are shown in figure 34. These data were obtained
at altitudes from 5ooO to 35,000 feet at a compressor-inlet ram-
pressure ratio of 1.00 for the range of shaft horsepowers investi-
gated. IIhe values of air flow calculated fromgressure and tempera-
ture measurements at the tail-pipe-nozzle outlet were approximately
4 percent lower than those obtained from measuresenta at the
compressor inlet..

Au investigation of an axial-flow gas turbine-propeller engine
in the Clevelazld altitude wiled tunnel at altitudes from 5000 to
35,000 feet, ram-pressure ratios from 1.00 to 1.13, snd engine
speeds from 8000 to 13,000 rpm gave the follarlng results:

L.. Perfornance data obtained at several altitudes and engine
speeds for a constant compressor-inlet ram-pressure ratio were
generalized tc standard sea-level conditions with reasonable
accuracy.

2. The specific fuel consus@ion at a given corrected engine
speed decreased as the corrected horsepower increased. At a cor-
rected engine speed of 13,000 rpm, the specific fuel consumption
based on shaft horsepower decreased fYcm1.4l at a corrected horse-
power of 700 to 0.86 at 1800.
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3. Ateachaltitude ad engine speed,anincreasein shaft
horsepower of 100 percent was accompanied by an increase in Jet
thrust of about 10 percent. As the engine speed was increased from
10,000 to 13,000 rpm at a uonstant turbine-inlet  temperature, the
Jetthrustincreasedatagreaterrats  thanthe sh&thorsepower.
At a turbine-inlet temperature  of 2000°R, this change inengfne
speed was accumpanlsd by increases of 115 percent in Jet thrust and
55 percent fn shaft horsepower.

4. Inorder to obtainan optimumratio  of shaft horsepower  to
the Mnetic enermof the Jetatoperatingconditions  other thanthe
design condition, a variable-area tail-pipe nozzle is required.

5. An increase in campressor-inlet  ram-pressure ratio from
1.00 to 1.13 had little effect on the engine performnce.

Flight Propulsion Research Iaboratom,
lbkhmal Adtisorg Ccmmlttee for Aeronautics,

Cleveland, Ohio.

.
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Iusizumentatiouwasinstalledateight measuring stations
throughout the engine (fig. 1) to obtain the detailed pressure and
teruperaturemsasurements fromwhIch the over-all& ccapponent
engine perforce could be calculated. photographs and sectional
drawings shcrwingtheins~n~tiani~talleBateachmsasuring
stationarepresented  infigures 35 to4l. The nu&er of total-and
static-pressure tubes and Umrmcouples installed at each station
and the flow area at each station are given in table II. In addi-
tionto the pressure and temperaturemeasurements tahenatthe
eight stations, measurements were taken at other locations throughout
the engine and installation.

Temperstureswere~auredwithiron-conrs~~th ermocouples
atstationslto 4and chmmel-alumelthermcouples at the other
stations. These temperatures were recorded on self-balancing
potentimeters. Pressures were masured with water or mercury
Albzene manoxwters, depending upon the mquitude of the pressure
at the measuring station, and were photogmphicallyrecorded.
!lhnsverse  vibrations of the engine in the horizontal and vertical
planes were transmitted by vibration pickups located at the front
besring support, the front flange of the comrpressorj and the turbine
flange. The vibration ixansmitters  were connected to a vibration
indicator in the con-&o1 room through a selector awftch.

REmREmE8

1. Fleming, William A.: Altitude-Wind-Tunnel liwesti~tion of
a 4000-Pound-Thrust Azial-Flaw'PurboJet~ne.  I -Per-
formance and Windmillfng  Drag Chsracteristlcs. ITACA RM
No. ?mFo9, 1948.

2. sanders, Newel.3. D. : Performsme Parsmeters for Jet-Propulsion
lalgines. - NACA TN No. 1106, 1946.
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TABLE II. - SUMWRY OF INSMJMEEFATICN

,
Looation

upper lip, left wing duo1
Lower lip, left wing duo1
Left wing-duct inlet
Right wing-duot inlet

(fig. 35)
Wing cooling-air  bleed,

left forward
Wing oooling-air  bleed,
-left aft

Wing cooling-air bleed,
right forward

Wing cooling-air  bleed,
right aft

Compressor inlet (fig.361
Compreesor  atatore
Balance piston cooling
air ducts

Compreseor  outlet
(fig. 37)

Compreeeor-outlet  elbow
(fig. 37)

Turbine inlet (fig. 38)
Turbine cooling-air
bafflea

hrbine ooollng-air ducts
Turbine outlet (fig. 39)
Exhaust-cone outlet

(fig. 40)
Tail-pipe surface
Fail-pipe outlet surface
Tall-pipe outlet rake

(fig. 41)
melage
Engine external
Bearinga
Fuel supply
Starter

ita-
;icm

1

1

2
23

82.4

82.4

2.85

2.85

2.85

2.85
94.7

3

4
5

.30

48.5

25.0

6

7
7,8
8

.60
79.0

154.0

8 154.0

Area
eq in.

Thermo-
coupler

2

2

1

1

.l

:1
6

1

I 9

! 2

; 6
, 1
9

I 4

: 2

’ 6
8
3

’ 4
.l
11

-r Prc
rotal

26

26

1

1

1

1
15

1

12

4
5

1
9

4

16

.

3ure f
?robe
3tatic

2

2

6

)e8 .
Wall
3tat2.c
17
15

6

6

1

1

1

1
9

14

1

5

r
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Station
Wing-duct inlet (fig. 5)
Compressor inlet
Compressor outlet
Co ressor elbow
Tu%ne inlet
Turbine outlet
Exhaust-cone  outlet
Tail-pipe-node outlet

PropellerL-7
Station 2

I

/Exhaue t
cone

6 resaor-
,.I etP screen-EX0r------ b-$” \

Taii pipe
rake

Figure I. - Side view of axial-flow gas turbine-propeller engine showing lOCation Of measuring
stations.





Figure 2. - Top view of axial-flow gas turbine-propeller engine in altitude wind tunnel,
to
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WI. ”
I 4 . ‘I ,

Figure 3. - Installation of axial-flow gas turblne-propeller engine in nacelle.
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Figure 4. - Front view of axial-flow gas turbine-propeller  engine  in
altitude wind tunnel.
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Figure 5. - Sketch of axlal-flow gas turbine-propeller engine installation  showing location of wing
ducts and inlets. N4
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Figure  6. - Inauction  duct annulus. c. 17810
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Figure 7.- Effeat of shaft horsepower and altitude on turbine-
inlet temperature. Eaglne speed, 13,000 rpm; compressor-
inlet ram-pressure ratio, 1.00.
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perature, gi

0
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Shaft horsepower
Figure 8.0 Eiffect of shaft horsepower and altitude on engine

fuel flow. Bnglne speed, l3,OOO rpm; oompyessor-Inlet  ram-
pressure ratio, 1.00.
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perature, OB
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Shaft horsepower

Figure 9.0 Effect of shaft horsepower and altitude on specifk
fuel aonsutnption. Engine speed, 13,000 rpmz ompressor-
inlet ram-pressure ratio, 1.00.
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Figure lo.-

air flow.
Effect of shaft horsepower  and altitude on engine
Engine speed, 13,000 rpm; compressor-inlet  ram-

pressure ratio, 1.00.
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Figure 1X.- Effeat of shaft horsepbver and altitude on fuel-air

ratio. Engine speed, 13,000 rpm; compressor-Inlet ram
pressure ratio, 1.00.
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Figure 12.0 Effeat of shaft horsepower  and altitude on jet

thrusts Engine Speed, 13,000 rpm; c!ompressor-fnlet ram-
pressure ratio, 1.00.
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Figure W.- Effect of shaft horsepower and engine speed on

turbine-inlet temperature. Altltude, 5000 feet; compressor-
inlet ram-pressure ratlo, 1.00.
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Figure 14.- Effect of shaft horsepower and englne speed on fuel

flow. Altitude, 5000 feet; oompressor-inlet  ram-pressure
ratio, 1.00.
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perature, OR

Shaft horsepower
Figure 15.0 Effect of shaft horsepower and engine speed on

spealfic fuel aonsumptlon. Altitude, 5000 feet; aompressor- -
inlet ram-pressure ratio, 1.00.
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Figure le.-

engine
Effect of shaft horsepower and engine speed on

air flow. Altitude, 5000 feet; compressor-inlet
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Figure 17.9 Effeat of shaft horsepower and engine speed on
fuel-air ratio. Altitude, 5000 feet; aompressor-inlet ram-
pressure rath, 1.00.
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Figure 18.0
thrust.

Effect of shaft horsepower and engine speed on jet
Altitude, 6000 feeti compressor-inlet ram-pressure

ratio, 1.00.
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Figure 19.- Effect of shaft horsepower and compressor-inlet ram-

pressure ratio on turbine-inlet temperature. Engine speed,
13,000 rpm; altitude, 25,000 feet.
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Figure 20.- Effeat of shaft horsepower and compressor-inlet
ram-pressure ratio on fuel flow. Engine speed, 13,000 rpm;
altitude, 25,000 feet.
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Figure 21.- Effect of shaft horsepower and compressor-inlet
ram-pressure ratio on specific fuel consumption. Engine
speed, 13,000 rpm; altitude, 25,000 feet.
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Figure  22.- Effect of shaft horsepower and compressor-Inlet
ram-pressure  ratio on engine air flow. Engine speed,
15,000 rpm; altitude, 25,000 feet.
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Figure 23.- Effect of shaft horsepower and compressor-inlet
ram-pressure ratio on fuel-air ratio. Engine speed,
13,000 rpm;'altitude, 25,000 feet.
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Figure 24.- Effect of shaft horsepower and compressor-inlet
ram-pressure r a t i o  o n  Jet thrust. Engine speed, 13,000 rpm;
altitude, 25,000 feet.
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Figure  29.- Effect of corrected enghe spred and corrected turbine-inlet temperature

on oorreoted  horsepover. Compressor-inlet ram-pressure ratio, 1.00, (Daehed
portion of cmres extrapolated.)
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Figure 35.- Instrumntatlon at wing-duct inlet, station 1.
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(a) Location of instrumentation.

Figure 36.- Instrumentation at compressor inlet, station 2.
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(bl Installation of~pressure and temperature rakes.
E

Figure 36. - Continued. Instrumentation at compressor Inlet, station 2.
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(c) Detail sketch of total-pressure, statlo-pressure, and
thermooouple rakes.

Figure 36.- ConcluUed. Instrumentation at compressor tnlet, station 2.
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(a) Location of instrumentation at station 3.

Figure 37.- Instrumentation at compressor outlet, station 3,
and compressor elbow, station 4.
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statlon 4.



.



NACA RM No. ttlFlU 71

I-Total-pressure  tube
and thermocouple rake

-v/1 I- Station 3

,-
I
,
/
c-

7

Ill
Station 4

Y,
u Center line of anglne

tic-pressure tubs
tic wall orlflce

(c) Detail sketch of Instrumentation at statlons 3 and 4.

Figure 37.- Concluded. Instrumentation at compressor outlet, station 3.
and compressor elbow,  statLou 4.
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(a) Location of Lnstrumentatlon  looking aft.

Figure 38.- Instrumentation at turbine Inlet, station 5.
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(bl lnstal lation of total-and static-pressure tubes.

Figure 38. - Cone luded. Instrumentation a t  turbine inlet, station 5.
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(a) Looation of instrumentation looking aft.

Figure 39.- Instrumentation at turbine outlet, station 6.
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F'igure 39. - Continued. Instrumentation at turbine outlet, statlon 6.

lbl lnstallatlon of total-pressure rakes and statlepressure tubes.
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Figure 40.- Location of instrumentation at exhaust-cone
outlet, station 7..
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(al tnstal lation of tail-pipe-outlet rake.

Figure 41. - Instrumentation at tai I-pipe-nozzte outlet, station 8.
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